
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

ORIGINALLY ISSUED 
October 1945 as 

-Report L5H04 

R303-T ALlJMINlM p3J;OY 

By George J. Eeimerl and Douglas P. Fay 

Langley Mamarial Aeronautical Laboratory 
Langley Field, Va.  

WASHINGTON 

NACA WARTIME REPORTS are reprints of papers originally issued to provide rapid distribution of 
advance research results to an authorized group requiring them for the war effort. They were pre- 
viously held under a security status but are now unclassified. Some of these reports were not tech- 
nically edited. All !mve been reproduced without change in order to expedite general distribution. 



NACA ARR No. L5H04 

NATIONAL ADVISOIiY COMMITTEE FOR AZROITAUTICS 

COLUMN AND PLATE COMPRESSI-VI3 STRZNGW-S 
O F  AIRCRAFT STRUCTURAL IJIATERIALS 

EXTRLTDZD R303-T ALLOY 

By George J. Eeimerl and Douglas P. Fay 

SUMkIARY 

Column and p l a t e  compressive s t r e n g t h s  of  extruded 
R303-T aluminum a l l o y  were determined both wi th in  and 
beyond t h e  e l a s t i c  range from t e s t s  of t h i n - s t r i p  columns 
and l o c a l - i n s t a b i l i t y  t e s t s  of  H-,  Z - ,  and channel-section 
columns. These t e s t s  a r e  par t  of an extensive r e sea rch  
i n v e s t i g a t i o n  t o  provide da ta  on t h e  s t r u c t u r a l  s t r e n g t h  
of var ious a i r c r a f t  ma te r i a l s .  The r e s u l t s  a r e  presented 
i n  the  f o r m  of curves and cha r t s  t h a t  a r e  s u i t a b l e  f o r  use 
i n  the  design and a n a l y s i s  of a i r c r a f t  s t r u c t u r e s .  

Column and p l a t e  members i n  an a i r c r a f t  s t r u c t u r e  
a r e  the  b a s i c  elements t h a t  f a i l  by i n s t a b i l i t y .  For t h e  
des ign  of s t r u c t u r a l l y  e f f i c i e n t  a i r c r a f t ,  the  s t r e n g t h  
of these  elements must be known f o r  t he  var ious a i r c r a f t  
m a t e r i a l s .  An extensive research  program has  t h e r e f o r e  
been undertaken a t  the Langley Memorial Aeronautical  
Laboratory t o  e s t a b l i s h  the column and p l a t e  conpressive 
s t r e n g t h s  of a number of t h e  a l l o y s  ava i l ab le  for use i n  
a i r c r a f t  s t r u c t u r e s .  P a r t s  o f  t h i s  i n v e s t i g a t i o n  have 
a l r e a d y  been completed; t he  a l l o y s  a l r eady  inves t iga t ed  
include 24s-T and 1 7 s - T  aluminum-alloy shee t  and extruded 
75s-T and 2bS-m aliminum a l l o y s  ( r e fe rences  1 t o  4, 
r e s p e c t i v e l y ) .  

The r e s u l t s  of t e s t s  t o  determine t h e  column and 
p l a t e  compressive s t r e n g t h s  of  extruded R303-T aluminum 
a l l o y  a re  presented h e r e i n .  
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SYMBOLS 

. 

r ad ius  o f  g -pa t ion  

f i x i t y  c o e f f i c i e n t  used i n  Euler  c o l u m  foTmcla 

e f f e c t i v e  s lenderness  r a t i o  of colunn 

width and th ickness ,  r e spec t fve lg ,  of f lange  
of E-, Z-, or channel s e c t i o n  ( see  f i g .  1) 

width arid th ickness ,  r e s p $ c t i v e l y ,  of web 
o f  E- ,  z-, o r  ch-anml s e c t i o n  ( see  f i g .  1) 

cGrner radius ( s c e  f i g .  1) 

nondinensional c o e f f i c i e n t  used with brfi and t,:i 
i n  plate-buckl ing formula ( s e e  f i g s .  2 and 3 )  

modulus of c i l s s t i c i t y  i n  compression, taken a s  
iO,5OO k s i  f o r  extruded R303-'i' almiinurr! a l l o y  

nondiinensionfil c o c f f i c i e n t  (The value of T is 
s o  determined t h a t ,  when the e f f e c t i v e  inociulus 
of e l a s t i c i t y  7XC is s u b s t i t u t e d  f o r  EC i n  
the equat ion f o r  e l a s t i c  buckl ing of columns, 
the  com:Juted c r i t i c a l  s t r e s s  agrees  with the  
expe r inen ta l ly  observed value.  The c c e f f i -  
c i e n t  T i s  equal  t o  u n i t y  wi th in  the  e l a s t i c  
range and d e c e a s e s  viit'n i nc re s s ing  s t r e s s  
beyond the e l a s t i c  r ange . )  

nondimensional c o e f f i c i e n t  f o r  compressed p l a t e s  
corresponding t o  T fo?  co1ir;lins 

P o i s s o i i f s  r a t i o ,  taken 8 s  0.3 f o r  extruded 
€3303-T alu3inun a l l o y  

c r i t i c a l  compressive s t r e s s  

average compressive s t r e s s  a t  maximum load 

conpressive y i e l d  s t r e s s  

c 



3 

METEICIDS OF TSSTING AND ANALYSTS 

All . t e s t s  were made i n  hydrlaulic t e s t i n g  nachines 
accura te  wi th in  three-fourths  of 1 percent .  The nethods 
of t e s t i n g  a id  m a l y s i s  developed f o r  t h i s  resBai?cti pro-  
gram (see  re ference  i) a r e  b r i e f l y  summarized as f o l l o w s :  

The compressive s t r e s s - s t r a i n  curves f o r  the ex t ru -  
sions, which i d e n t i f y  the  mater ia l  f o r  c o m e l a t i o n  with 
i t s  c o l m n  and p l a t e  compressive s t r eng ths ,  were obtained 
f o r  the  with-grain d i r e c t i o n  from t e s t s  of  s ing le- th ickness  
cornpression spsciinens cu t  from t he  f langes  and web a t  bo th  
ends of the  extruded E - s z c t i o n s .  These t e s t s  were aade i n  
a conpression f i x t u r e  of the  ~Ontgoxcry-Te~lp l in  type,  
which provides l a t e r a l  support t o  the  specFmens through 
c l o s e l y  spaced r o l l e y s .  (See yeference 6 f o r  t h e  tech-  
r,ique i n  using t h i s  type of f i x t w e . )  

The column s t r eng th  and the a s soc ia t ed  e f f e c t i v e  
column modulus were obtained f o r  t he  wi th-gra in  e i r e c t i o n  
by t h e  use of t he  method p e s e n t e d  i n  r>eference 7 ,  i n  
which t h i n - s t r i p  coliuruzs of the ma te r i a l  were t e s t e d  witla 
the  ends claxped i n  f i x t u r e s  t h a t  provide a high degree 
of end r e s t r a i n t .  The f i x t u r e s  used have b e a  improved 
and t h e  method o f  a n a l y s i s  has been modified s ince  pub l i -  
c a t i o n  of re ference  7. The method now used r e s u l t s  i n  a 
c o 1 - m  curve r ep resen ta t ive  of nea r ly  pe r fec t  column 
specimens. I n  additior, ,  the  method now takes i n t o  account 
t he  f a c t  t h a t  colunns of the  dimensions t e s t e d  a re  a c t u a l l y  
p l a t e s  w i t h  two f r e e  edges. 
t he  f l anges  o f  t he  extruded H-section adjacent  t o  the  
f i l l e t  a t  t he  ju rx t ion  of the web and f lange.  

The p l a t e  conpresoive s t rength  was obtained from 
compression t e s t s  of E- ,  Z - ,  and channel-sect ion columns 
so  proportioned as  t o  develop l o c a l  i n s t a b f l i t  t h a t  i s ,  

€1-sections of thrc,e d i f f e r e n t  web widths were t o s t e d ;  the 
f l ange  widths f o r  each were var ied  by x i l l i n g  off  p a r t s  of 
the f l anges .  The f langes of some of  t h e  €1-sectior, ex t ru -  
sions were removed i n  such a way as t o  Rake Z- or channel 
s e c t i o n s  as des i r ed ;  the flange widths of the Z- and 
channel-sect ion columns were  var ied  i n  t h e  same manner a s  
the  f lange  widths f o r  the i i-section columns. The lengths  
of t h e  co11mrins were se l ec t ed  i n  accordar,ce w i t h  the  p r i n -  
c i p l e s  i n  re ference  8. The columns were t e s t e d  with the  
ends ground f l a t  and square and bear ing d i r e c t l y  aga ins t  

These columns were c u t  f r o m  

i n s t a b i l i t y  o f  the  ? l a t e  e lenents .  (See f i g .  . to) 9 ,  Zxtruded 
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the testing-machine lieads. In  these  l o c a l - i n s t a b i l i t y  
t e s t s ,  rnensurenents were taken of the c ros s - sec t iona l  
d i s t o r t i o n ,  and t h e  c r i t i c a l  s t r e s s  was determined as the  
s t r e s s  a t  t h e  poin t  near t h e  top  of' t he  knee of t'ne 
s t r e s s - d i s t o r t i o n  curve where a marked increase  i n  d i s -  
t o r t i o n  first occurred with small  i ac rease  i n  s t r e s s .  

The rzethod. of a n a l y s i s  preser,ted hcreirr d i f f r r s  from 
t h a t  presented i n  roference 1 i n  the  use of t h e  i n s i a e  
face  dimensions t o  de f ine  bF and b>$; i n  t he  eva lua t ion  
of  ocr/? by means of the equat ions and curves of 
f i gu res  2 and 3 .  T h i s  d e f i n i t i o n  of  bp and bthv f o r  
extruded sec t ions  with small  f i l l e t s  was ;?reviously used 
i n  re ferences  3 and i n  order t h a t  t h e  t h e o r e t i c a l  and 
experirmntal bucklinG s t r e z s e s  would a p e e  h i t h i n  the  
e l a s t i c  range.  For formsd Z- and c h a m e l  sec t tons  w i t h  
an ins ide  bend r a d i u s  of t h ree  times the  sheet  th ickness  
( re ferences  1 and 2 ) ,  bF and bJ were def ined a s  
cen te r - l i ne  widths with square corners  assumed. 

Coxpre s 3 i.ve Pr oper t i e  s 

Figure 5 sumnarizes the  compressive s t r e s s - s t - a i n  
curves t h a t  apply t o  the extruded R3O3-T alurninum a l l o y  
used in  t h i s  i nves t iga t ion .  The v a r i a t i o n  i n  compess ive  
y i e l d  s t r e s s  shown by the  dashed curves i n  f i g u r e  5 f c r  
both the f lange  and web i n d i c a t e s  the  aveyage d i f f e r e n c e s  
t h a t  were found t o  e x i s t  between the two ends o f  t he  
20 - foo t  ex t rus ions .  The r e s u l t s  of a s i n g l e  survey made 
over the c ross  s e c t i o n  of orse ex t rus ion  ( f i g .  6 )  revea led  
but  l i t t l e  v a r i a t i o n  i n  t h e  coapressive y l e l d  s t r e s s  over  
the  width of a f lange  or a web. A t  a given c ross  s e c t i o n ,  
the v:eb tended always t o  have a lower cornpressive y i e l d  
s t r e s s  than  the fiance. 

Column and P la t e  C om:ire s s i ve  S t rengths  

Because the compressive p r o p e r t i e s  of an extruded 
aluminum alloy may vary considerably,  the  d a t a  and c h a r t s  
of t h i s  r e p o r t  shoxld not  be used f o r  design S E p o s e s  for 
extrusions of R503-T alumfnum a l l o y  t h a t  have apprGciably 
d i f f e r  e n t  c oapr  e s s jve p r  opc r t i e  P f r om tho  se r e p  o r  t a d 
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h e r e i n ,  un less  a s u i t a b l e  method i s  devised f o r  a d j u s t i n g  
t e s t  r e s u l t s  t o  account f o r  v a r i a t i o n s  i n  m a t e r i a l  prop- 
e r t i z s .  The r e s u l t s  of  the  column aEd l o c a l - i n s t a b i l i t y  
t e s t s  of  extruded R303-T aluminum a l l o y  a re  summarized 
herein; a d.iscussion o f  t he  bas ic  r e l a t i o n s h i p s  i s  given 
i n  re ference  1. 

Column s t r eng th . -  The column curve o f  f i g u r e  7 shows 
the  r e s u l t s  of  t e s t s  o f  t h i n - s t r i p  columns loaded i n  the  
w i t h - p a i n  d i r e c t i o n .  The red:lction o f  the e f f e c t i v e  
modulus of  e l a s t i c i t y  7EC with tne increase  i n  column 
s t r e s s  i s  ind ica ted  by the  v a r i a t i o n  of T with s t r e s s  
shown i n  f i g u r e  6. 

Pla t e  coapres s im s t rength . -  The r e s u l t s  of t he  
local&stabilit:r t e s t s  of the €I-, Z - ,  and channel-sect ion 
columns used t o  de te rn ine  t h e  p l a t s  compressive s t r c n g t h  
w e  given i n  tables 1, 2 ,  and 3, r a spec t ive ly .  
bucklfng curves,  analogous t o  the  column curve of f i p r e  7, 
a r e  s h o w  i n  f i g u r e  3. The reduct ion of t h e  e f f e c t i v e  
modulus of e l a s t i c i t y  ~ $ 3 ~  with increase  I n  s t r e s s  i s  
ind ica t ed  by the  v a r i a t i o n  of q with s t r e s s ,  which i s  
shown toge ther  with the curve f o r  T i n  f i g u r e  6. In  
t h i s  f i g u r e ,  the  7-cwve crosses the .r)-curves because 
the extruded €I-, Z-, ar,d channel-section c o l u m s  used t o  
ob ta in  the  9;-ctlrves apparent ly  had an appreciable  degree 
of i z q e r f e c t i o n .  This imperfection probably caused the  
?-curves t o  de-Jiate from u n i t y  a t  a lower s t r e s s  than t h a t  
f o r  t he  7-curve, which i s  r ep resen ta t ive  of nea r ly  p e r f e c t  
c o l m s .  

The p l a t a -  

The v a r i a t i o n  of the  actual c r i t i c a l  s t r e s s  
w i t h  t he  t h e o r e t i c a l  c r i t i c a l  s t r e s s  5cr/9 cmpu tcd  f o r  
e l a s t i c  buckl ing by meats of the  formula and curves of 
f i g u r e s  2 and 3 i s  shown i n  f igu re  10. 

gCr 

In  order t o  i l l m t r a t c  the d i f f e rence  between the 
c r i t i c a l  s t r e s s  ocp and t h e  average s t r e s s  a t  m a x l m w n  
l oad  a,=, the v a r i a t i o n  of CJCp  with 5cp/Fm, i s  
shown i n  f i g u r e  11. Because values o f  omax may bo 
r equ i r ed  i n  s t r e n g t h  ca l cu la t ionc ,  the v a r i a t i o n  of 
w i t h  i s  shown i n  f i g m e  12. 

- 
- 

- 
onax 

Figures  9 t o  12 show t h a t  t he  d a t a  for R-sections 
desc r ibe  d i f f e r e n t  curves fro21 those ind ica t ed  f o r  Z-  and 
channel s e c t i o n s ,  One of the rcasons why higher values  
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- 
of omax were obtained f o r  3 - sec t ions  than f o r  Z- o r  
channel sec t ions  f o r  a given value of uc r /7  ( f i g .  1 2 )  
xay b e  the  f a c t  t h a t  the  h igh-s t rength  m a t e r i a l  i n  t h e  
f langes ( see  fig. 6 )  forms a higher  percentage of  t he  
t o t a l  c ros s - sec t iona l  a r e8  for t he  5 - sec t ion  than - f o r  

increased over the value of 
sec t ion  f o r  the e n t i r e  s t r e s s  rsnge covered i n  these  t e s t s  
( f i g .  1 2 )  whereas ocr i s  increased only beyond the 
e l a s t i c  range ( f i g .  1 0 ) .  

the  % -  or channel s ec t ion .  For t h e  E-sect ion,  oKax i s  - 
omsx for the  Z-  o r  channel 

Langley Wmor i a  1 Aer onaut i c  a 1 Lab o r  a t  m y  
National Advisopy Committee for Aeronautics 

Langley F i e l d ,  Va. 
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NATIONAL ADVISORY 
COMMITTEE Foll AERONAUTICS 

Figure 1 . -  Cross sections o f  ti-, 2 - ,  a n d  channel- 
section columns. 
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F i g u r e  4.- L o c a l  i n s t a b i  i t y  o f  a n  H - s e c t i o n  c o l u m n .  
0 
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Fiqure 5. - Compressive stress- strain curves fo r  
extruded R303-T aluminum alloy fo r  with- 
grai n d irect ion. 
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Figure 6.- Variation of the compressive y@\d stres 
over the cross section o f  an extruded R303-T 
aluminum-alloy H-section. (Values in ksi.) 
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Figure 9.- Plate-buckling curves f o r  extruded R 303-T 
aluminum alloy obtained from H-, Z-, and channel- 
section columns. ay(f lanqe), 73 ksi ; a,, (web), 71 ksi . 
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40 

Figure IO- Variation of ocr with aC/q for plates of extruded R303-T 
aluminum alloy obtained from tests of H-, Z-, and channel- section 

columns. o;U(flange),73 ksi ; acy(web), 71 ks i  . 
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Figure I I.- Variation o f  6,, with O~/D,. , , ,~  f o r  plates 
o f  extruded R303-T aluminum alloy obtained from 
tests o f  H-, Z-, and channel-section columns. qy (flange), 

73 ksi cr,, (web), 71 ksi 
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Figure 12.- Variation of a,,, with oc-q for plates of extruded 
R303-T aluminum alloy obtained f rom tests of  H-, 2-, and channel- 
section columns. bCy (flange), 73 hsi j oCY (web), 7 I ksi. 
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